Using cultured pear (Pyrus communis cv Bartlett) cells, heat tolerance induced by heat shock was compared to that developed during growth at high temperature. After growth at 22°C, cells exposed to 38°C for 20 minutes (heat shock) showed maximum increased tolerance within 6 hours. Cells grown at 30°C developed maximum heat tolerance after 5 to 6 days; this maximum was well below that induced by heat shock. Heat shock-induced tolerance was fully retained at 22°C for 2 days and was only partly lost after 4 days. However, pear cells acclimated at 30°C lost all acquired heat tolerance I to 2 days after transfer to 22°C. In addition, cells which had been heat-acclimated by growth at 30°C showed an additional increase in heat tolerance in response to 39°C heat shock. The most striking difference between heat shock and high growth temperature effects on heat tolerance was revealed when tolerance was determined using viability tests based on different cell functions. Growth at 30°C produced a general hardening, i.e. increased heat tolerance was observed with all three viability tests. In contrast, significantly increased tolerance of heat-shocked cells was observed only with the culture regrowth test. The two types of treatment evoke different mechanisms of heat acclimation.
are constants). If so, then heat acclimation induced by brief HS and that induced by prolonged but more moderate heat (e.g. 30C) would have similar mechanisms. However, results presented in this paper indicate that HS and prolonged exposure to 30°C increase the heat tolerance of pear cells in clearly different ways.
MATERIALS AND METHODS
All experiments were conducted with suspension-cultured cells of pear (Pyrus communis cv Bartlett) which were used in our previous studies (13, 14) . The culture medium and most methods (culture maintenance, growth conditions and measurement, heat stress treatment, and viability tests) were as described before (13) . All stock cultures and experimental controls were grown at 22C.
Heat shock was administered to cells from 7-d-old suspension cultures using 5-ml aliquots in 1 x 10 cm test tubes. Heat treatment was accomplished in a water bath at the HS temperature; temperature equilibration in the 5-ml aliquots occurred within 3 min. The HS treatments lasted 20 min after which six of the 5-ml heat-shocked cell suspensions were transferred to empty, sterile 125-ml Erlenmeyer flasks and maintained at 22°C with shaking. Non-heat-shocked controls were subjected to the same sample handling procedures.
Heat shock, i.e. brief exposure to supraoptimal temperature, alters gene expression and leads to increased heat tolerance in a wide range of organisms (10) . However, there is no direct evidence that synthesis of unique sets of proteins (HS2 proteins) is causally related to heat acclimation. Minton et al. (9) (4) , soybean hypocotyls (5), and Drosophila cells (2) , and for development of heat tolerance in soybean seedlings (7) and yeast cells (8) . Correlations consistent with a causal relationship between HS protein synthesis and acquired heat tolerance have been described for yeast cells (8) and soybean seedlings (7) . Schroeder (11) showed that heat tolerance was induced in avocado tissue cultures following 10 to 30 min HS. However, the lowest temperature he used was 45°C, which is above the optimum for HS protein synthesis in cultured tobacco and soybean cells (3) . Our data ( Fig. 1) timal at 38°C, a temperature which initiates near maximal HS protein synthesis in almost all reported studies.
The increase in pear cell heat tolerance was completed within 6 h following the 20-min inductive HS (Fig. 2) . The heat tolerance of heat-shocked cells was much greater than that of controls during the days following HS (Fig. 2) . As discussed previously (14) , the apparent decline in control cell heat tolerance during the 1st d (Fig. 2) probably reflects loss of a transient tolerance induced by culture handling, i.e., return to a normal condition. In the experiments for Figure 2 , zero time measurements could not be obtained. However, without the handling involved in HS treatment, 22°C-grown cells showed less than 15% survival of a 43°C, 20-min stress (13) . Heat tolerance was fully maintained for 2 d at 22°C and then began to gradually decline (Fig. 2) (3) (4) (5) .
Heat Tolerance Induced at 30°C. Pear cells in suspension cultures grown at 30C began to show increased heat tolerance after 3 d (Fig. 3) and reached maximum tolerance at 6 d. This is clearly different from the tolerance induced by 38C (Figs. 1 and  2 ) which required only a 20-min heat treatment. The maximum tolerance achieved by cells grown at 30C was between 60 and 65 (% viability after a 43C, 20-min stress, based on the regrowth test) while that induced by 38C HS was between 90 and 95 ( Figs. 1 and 2) .
Differences between HS and 30°C-Induced Tolerance. In addition to the difference in maximum heat tolerance attained, cells induced by HS and those hardened at 30C did not lose heat tolerance in the same way upon return to 22C (Fig. 4) . Unlike heat-shocked cells, those grown at 30C lost all acquired heat tolerance between the 1st and 2nd d. The heat-shocked cells retained full tolerance for 2 d and were still considerably more tolerant than controls after 4 d at 22C (Fig. 2) . Declining heat tolerance in a suspension culture could be due to loss of the acquired physiological condition in existing cells and/or to growth, i.e. the production of new, non-hardy cells at 22C. However, cultures grown at 22C for 7 d (i.e. those used in HS experiments) and at 30C for 6 d were in the same phase of culture development (data not shown), so their growth potential (nutrients remaining in the medium) was probably similar.
Another observation which suggests that acclimation by HS and by growth at 30C are fundamentally different is that HS greatly increased the tolerance of the 3OC-grown cells. Because the initial level of tolerance was higher than for 22°C-grown cells (Fig. 3) , higher HS (39C) and heat stress (45C) temperatures were used to study the HS response of 30°C-grown cells. The HS response was comparable to that obtained with 22C-grown cells. Following a 39C HS, the 30°C-grown cells rapidly developed tolerance which allowed nearly complete survival ofa subsequent 45C stress. As in our other experiments ( Fig. 2 (Fig. 1) . Key et al. (5) grew their control soybean seedlings at 28C to 30C, and maize roots showed little or no HS protein synthesis at 30C, but substantial synthesis at 35C (4) . However, beans developed tolerance after 20 s at 50C (15), 2 to 4 min at 45C (Key, personal communication), and 10 to 20 min at 40C (7) . Thus, between its threshold and maximum temperatures, HS may elicit adaptive responses which are as dependent on a time-temperature interaction as is the development of heat injury (6) .
The pear cells used in this study grow as a well-separated suspension, so they are easy to manipulate and treat. The cells developed heat tolerance in response to treatments known to induce HS protein synthesis in a manner different from the response to elevated growth temperature. Thus, pear suspension cultures may provide a useful system for further, more detailed study of HS and other temperature-related phenomena.
